Objective: To evaluate associations between traditional cardiovascular disease (CVD) risk factors, inflammatory markers and markers of HIV disease activity with ultrasonographic measures of CVD risk in patients with HIV who are not receiving antiretroviral therapy (ART).
Introduction
Cardiovascular disease (CVD) is a leading cause of mortality among individuals with HIV infection [1, 2] . Although there is evidence that HIV-infected individuals are at an increased CVD risk, most of the studies evaluating the associations between HIV infection and CVD have been conducted in individuals receiving antiretroviral therapy (ART). Several commonly used ART agents have been associated with increased risk for myocardial infarction and metabolic abnormalities that increase CVD risk, such as dyslipoproteinemia and insulin resistance [3] [4] [5] . Given the relatively low CVD risk in most HIV-infected individuals in the United States and the confounding effects of ARTon CVD risk, it is unclear whether HIV infection or its treatment notably increases CVD risk. Prior to the era of active ART, HIV infection also was associated with premature coronary heart disease and atherogenic dyslipoproteinemia, characterized by hypertriglyceridemia and small low-density lipoproteins, as well as increased serological markers of inflammation [6] . However, studies characterizing CVD risk factors in ART-naive patients tended to be small, included highly selected patients who mostly were of white ethnicity and no longer reflect the general health and diversity of modern patients considering initiation of ART. Furthermore, subclinical arterial disease has not been well characterized in HIV-infected patients not on ART. The purpose of this study is to evaluate the associations between traditional CVD risk factors, inflammatory markers and markers of HIV disease activity with ultrasonographic measures of CVD risk [carotid artery intima-media thickness (CIMT) and brachial artery flow-mediated vasodilation (FMD)], in patients with HIV who are not receiving ART. CIMT and FMD, respectively, are measures of arterial structure and function that independently predict future CVD events in individuals without known CVD [7] [8] [9] [10] [11] [12] [13] .
Materials and methods
Study participants and design This was a cross-sectional, baseline evaluation of ARTnaive HIV-infected individuals enrolled in a randomized ART treatment trial (AIDS Clinical Trials Group Study A5257) who agreed to undergo additional CVD testing. This CVD substudy (AIDS Clinical Trials Group Study A5260s) was approved by the Institutional Review Boards at all 26 participating sites. All individuals provided written informed consent. Participants were required to be at least 18 years of age and have HIV-1 infection, documented by any licensed ELISA test kit and confirmed by western blot prior to study entry. They were required to be ART-naive (defined as 10 days of ARTat any time prior to entry) and have screening HIV-1 RNA more than 1000 copies/ml within 90 days prior to study. The major exclusion criteria for A5260s were known CVD (history of myocardial infarction, coronary artery bypass graft surgery, percutaneous coronary intervention, stroke, transient ischaemic attack and peripheral arterial disease), diabetes mellitus, uncontrolled thyroid disease and use of lipid-lowering medications.
Multiple demographic, anthropomorphic and laboratory parameters were measured, including body composition (by whole-body dual-energy x-ray absorptiometry and single-slice noncontrast abdominal computed tomography at the L4-L5 level), lipoproteins, inflammatory biomarkers, adipocytokines and immune activation. Predicted 10-year risk of coronary death/myocardial infarction was estimated using the Framingham risk score (FRS) and considered to be moderate/high if at least 6%. Prior to ART initiation, CIMTand FMD images were obtained by ultrasonography. All sonographers underwent centralized training and certification by core imaging laboratories at the University of Southern California (CIMT) and the University of Wisconsin (FMD).
Carotid artery ultrasonography
As previously described, B-mode images of the distal common carotid artery (CCA) and the carotid artery bifurcation were acquired with a high-resolution linear array ultrasound transducer with superimposed simultaneous electrocardiographic tracing [14] [15] [16] . Lying supine, individuals were positioned so that the neck was extended to present the optimal angle for ultrasound examination. The right CCA was imaged in cross-section and the transducer moved laterally until the jugular vein and the CCA was stacked with the former above the latter; the transducer was then rotated around the central image line 908 maintaining the jugular vein stacked above the CCA and bifurcation while obtaining a longitudinal view of both vessels emphasizing the far wall. Carotid artery images were sent electronically to the University of Southern California core imaging laboratory for quality control and interpretation by a single, experienced technician. Carotid artery lesions were defined as focal regions of CIMTof at least 1.5 mm and along with CIMT of the far walls of the right CCA and bifurcation were measured using an in-house developed automated edge detection programme (Patents 2005, 2006, 2011) [14] [15] [16] [17] [18] . Paired ultrasound and phantom scans were obtained at baseline. The within-group coefficient of variance of paired baseline CCA CIMT scans and paired baseline bifurcation CIMT scans were 1.09 and 1.27%, respectively. Using this technique, the mean (standard deviation) far wall right CCA IMT among 128 nondiabetic men aged 35.6 (9.5) years was 0.68 (0.13) mm; it was 0.65 (0.11) among 199 nondiabetic women aged 35.7 (8.5) years [19] .
Brachial artery reactivity testing As previously described, individuals were required to fast, not smoke or drink caffeinated products for at least 8 h prior to testing [20, 21] . After resting supine for 10 min in a temperature-controlled room, a blood pressure cuff was placed on the widest part of the proximal right forearm approximately 1 cm distal to the antecubital fossa. The arm was extended 908 from the thorax and placed on an arm board with the elbow positioned downwards and the hand rotated so that the thumb pointed towards the ceiling. Using a high-resolution linear array vascular ultrasound transducer, the brachial artery was located above the elbow and scanned in longitudinal sections with the focus zone set to the depth of the far wall. Time-gain compensation and overall gain settings were adjusted to optimize images of the lumen/arterial wall interface. Extravascular landmarks were identified and labelled to assure that the imaged segment of the brachial artery is reproduced within and between studies. After recording baseline B-mode images of the brachial artery and spectral Doppler images of flow, the forearm cuff was inflated to 250 mmHg for 5 min to induce reactive hyperemia. Immediately after deflation, spectral Doppler images were obtained to verify hyperemia. FMD of the brachial artery was measured 60 and 90 s after cuff deflation. The relative FMD (%) was calculated as the ratio between the largest postcuff release and the baseline diameter. Images were sent electronically to the University of Wisconsin core imaging laboratory for quality control and interpretation by a single, experienced technician using Access Point Web software (Freeland Systems, Westminster, Colorado, USA). Phantom scans were obtained at baseline; paired brachial artery FMD scans were performed at week 24. Blinded, paired readings of 25 FMD studies showed a median difference of 0.20% (À0.47 to 0.49%). Using this technique, the mean (standard deviation) FMD among 24 nondiabetic men aged 32.0 (6.0) years was 4.78 (2.75)%; it was 6.09 (3.23)% among 42 nondiabetic women aged 34.6 (6.6) years.
Laboratory testing
Fasting (at least 8 h) blood samples were obtained and sent to core laboratories for analysis. Standard chemistry testing was performed at the individual sites. Lipoproteins were quantified and characterized by nuclear magnetic resonance spectroscopy at LipoScience. Inflammatory biomarkers and adipocytokines were measured at the University of Vermont Laboratory for Clinical Biochemistry on plasma stored at À70 o C; they included highsensitivity C-reactive protein by nephelometry (Siemens BNII Nephelometer; Siemens Healthcare, Indianapolis, Indiana, USA) and interleukin-6, adiponectin and leptin by ELISA (R&D Elisa, R&D Systems, Minneapolis, Minnesota, USA). Pro-inflammatory high-density lipoprotein (HDL) was measured by using a cell-free oxidation assay at the University of California, Los Angeles. 
Data analysis

Results
Participant characteristics
Of the 331 participants, 89% were male, 44% were white, 32% were black and 20% were of Hispanic race/ethnicity; 23% had a prior AIDS diagnosis ( Table 1 , Fig. 1 ). HIV-1 RNA was 4.5 (4.0-5.1) log 10 copies/ml and CD4 cell counts were 349 (207-455) cells/ml. There were 38% current smokers and 22% former smokers. Except for a mildly low HDL cholesterol of 38 (31-45) mg/dl, distributions of traditional CVD risk factors were typical of a healthy population. The FRS was 1.0 (1.0-3.0)%; 87% had FRS less than 6%. Higher viral loads (r ¼ À0.22, P < 0.001) and lower CD4 cell counts (r ¼ À0. 16 , P ¼ 0.004) were associated with higher resting heart rates. In multivariable analyses, independent associations with increasing CCA CIMT ( Fig. 2a ) were observed for older age, larger body size and higher levels of small LDL particles as well as non-Hispanic black race/ethnicity (compared with White). Independent associations with increasing bifurcation CIMT were similar ( Fig. 2b) and were observed for older age, larger body size and LDL cholesterol, with positive trends as indicated. In a separate model, moderate/high FRS was independently associated with CCA (P ¼ 0.004) but not bifurcation (P ¼ 0.100) CIMT (data not shown).
Carotid artery intima-media thickness
Carotid artery lesions
There were 27 (8%) individuals who had carotid artery lesions (Fig. 2c) . Individuals with lesions tended to be older (48 versus 34 years, P < 0.001) and were more likely to have moderate/high FRS (41 compared with 11%, P < 0.001); 44% of those with lesions were at least 50 years old (P < 0.001, data not shown) and 41% with lesions had moderate/high FRS of at least 6% (P < 0.001, data not shown). In univariate analyses, presence of carotid artery lesions was associated (nominal P < 0.05) with older age, higher SBP and DBP, presence of metabolic syndrome, higher small LDL particles, higher levels of visceral adipose tissue, higher levels of interleukin-6 and lower HIV-RNA. In adjusted analyses, age, level of interleukin-6, presence of metabolic syndrome and lower HIV-1 RNA level remained independently associated with the presence of lesions (Fig. 2c) .
Brachial artery flow-mediated dilation and diameter
Median FMD was 4.5 (3.0-6.3)% ( Figs. 1 and 3 higher levels of interleukin-6 and higher HIV-1 RNA. In multivariable analyses (Fig. 3a) , independent associations with higher FMD were observed for smaller brachial artery diameter, increasing weight and decreasing height. In a separate model, moderate/high FRS was independently associated with lower FMD (P ¼ 0.035, data not shown).
Given the strong dependence of FMD on brachial artery diameter, the latter associations were explored in detail. In univariate analyses, larger diameter (indicative of a higher CVD risk) was associated (nominal P < 0.05) with older age, male sex, lower baseline HIV-1 RNA, higher baseline CD4 cell count, medium/high FRS, higher SBP and DBP, metabolic syndrome, higher measures of body size and composition (BMI, weight, height, mid-waist circumference, trunk fat, total body fat, total body lean mass, visceral adipose tissue, subcutaneous adipose tissue and total abdominal adipose tissue), higher glucose, higher creatinine, higher levels of small LDL and HDL particles, and lower levels of pro-inflammatory HDL and interleukin-6. Of note, the association of brachial artery diameter and total body lean mass was much stronger (r ¼ 0.47, P < 0.001) than its associations with height, weight, BMI and waist circumference (r ¼ 0.23-0.35) and any fat depot (r ¼ 0.04-0.14). Lean body mass was strongly associated with height (r ¼ 0.63) and weight (r ¼ 0.80) (both P < 0.001). In multivariable analyses (Fig. 3b) , independent associations with larger brachial artery diameter were observed for increasing age, weight, male sex, fasting glucose and lower HIV-1 RNA level.
Discussion
In a contemporary cohort of HIV-infected ART-naive individuals without advanced HIV disease, ultrasonographic measures of CVD risk were more strongly associated with traditional risk factors such as ageing, body size and lipoprotein measurements, rather than CD4 cell count, viral replication, inflammatory markers and cytokines. Several aspects of this study and findings are notable and important for understanding CVD risk in contemporary patients with HIV infection. This is the first large study to evaluate CVD risk among HIVinfected, but treatment-naive individuals ready to initiate ART. Given the complex interplay between HIV infection and treatment on CVD risk factors and CVD risk, understanding the associations with arterial disease prior to ART initiation is important for understanding why patients with HIV infection appear to be at an increased CVD risk compared with HIV-negative individuals. This is the only study of its kind to simultaneously evaluate CIMT and FMD along with multiple, putative markers of CVD risk, including advanced lipoprotein testing, inflammatory markers, immune activation and HIV disease activity. Its multicentre nature with strict quality control enhanced the reliability of the data and our ability to identify associations. A medium or high 10-year predicted CVD risk was associated with increased CIMT in the common and bifurcation carotid artery segments, more carotid artery lesions, lower brachial artery FMD and larger brachial artery diameter, each of the ultrasound measures of increased CVD risk, demonstrating the internal validity of our findings.
By demonstrating that modifiable risk factors such as increased body size and lipoprotein measures are the major associates of increased CIMT, carotid artery lesions and impaired FMD, these parameters can be targeted for early preventive lifestyle and, if necessary, pharmacological interventions to reduce future CVD risk in patients initiating ART. Indeed, a recent randomized clinical trial demonstrated that a focused dietary intervention significantly reduced LDL cholesterol in HIV-infected patients beginning their first ART regimen [22] , the magnitude of which would be expected to significantly reduce long-term CVD risk. AIDS Clinical Trials Group Study A5078, a longitudinal, observational investigation showed that in cross-section, traditional risk factors overshadowed the impact of HIV protease inhibitor exposure, and that progression of CCA CIMTwas similar among age and risk factor matched individuals with and without HIV infection [23, 24] . Our results confirm and extend these findings, showing that traditional CVD risk factors, but not markers of inflammation and HIV disease activity, are strongly associated with bifurcation CIMT, carotid artery lesions and brachial artery FMD in a low CVD risk population.
Despite a wide range of CD4 cell counts among our participants, CD4 cell counts were not independently associated with any ultrasonographic marker of CVD risk. This may be due to the relatively small sample size, as within the larger sample sizes of the Multicenter AIDS Cohort Study and the Women's Interagency HIV Study, a CD4 cell count of less than 200 cells/ml was independently associated with increased carotid artery lesion prevalence and with increased carotid arterial stiffness in HIV-infected versus HIV-uninfected individuals [17, 25] . However, these individuals were older than those in our study and most were ART-experienced. It has been hypothesized that starting ART in individuals with higher cell counts would reduce CVD risk [26] .
The effects of HIV viral load on arterial function and disease are less clear. Lower HIV loads were weakly associated with carotid artery lesions, but neither CIMT measure. Higher viral loads were associated with smaller brachial artery diameters, but not worse FMD. Active infection may invalidate the observational association between smaller arteries and lower CVD risk, perhaps because of sympathetic activation and attendant vasoconstriction [8] . Indeed, higher viral loads were associated with higher heart rates. In ACTG Study A5152s, a randomized clinical trial of three ART regimens in treatment-naive patients, effective ART improved FMD, reduced heart rates and increased brachial artery diameters [20] . Improvement in FMD was related to the reduction in HIV load, indicating that treating HIV infection improves endothelial function and relieves vasoconstriction that accompanies untreated HIV infection [20] . In the Study to Understand the Natural History of HIV/AIDS in the ERA of Effective Therapy, suppression of plasma HIV-1 RNA viral load to less than 400 copies/ml was associated with decreased progression of CCA CIMT over a 2-year period [27] . The possibility of increased CVD risk with treatment interruption was observed in the SMART study [28] . Therefore, treatment of HIV infection may reduce CVD risk, as does treatment of CVD risk factors.
Limitations of this study include the absence of an HIVnegative or HIV treatment-experienced control group and the young age of the participants, who on average, were at a low CVD risk. Although this is the largest study, to date, describing CVD risk among treatment-naive HIV-infected individuals, it still is relatively small and underpowered for detecting modest risk factor associations with our CVD risk markers, especially considering the high intraindividual and/or measurement variability of some of the markers we studied. Also, this was a crosssectional analysis; longitudinal follow-up, which is in progress, may be even more informative.
Given these limitations, the absence of significant associations between inflammation and the arterial measurements in this study does not exclude a role for inflammation and immune activation as contributors to CVD risk in patients with HIV. The association between increasing interleukin-6 levels and the prevalence of carotid artery lesions was the only independent association between any inflammatory marker and adipocytokine with a vascular marker that we evaluated. The meaning of this finding is unclear; however, higher interleukin-6 levels have been linked to increased mortality in individuals with HIV. It is possible that other unmeasured markers of inflammation or immune activation may be more strongly associated with vascular disease. In recent studies, CD4 and CD8 T-cell activation and CD8 T-cell senescence were associated with increased carotid artery lesion prevalence and increased carotid arterial stiffness in HIV-infected individuals [18, 29] .
Finally, this study sheds insight into the interaction between brachial artery size and FMD. FMD is lower in individuals with larger arteries; however, it is unclear whether this is merely a mathematical function of brachial artery size being in the denominator of the formula for calculating FMD, or whether it represents pathophysiology related to larger patients having risk factors associated with increasing body size and adiposity.
Contemporaneous measurement of body composition helped us show that lean body mass was associated much more strongly with brachial artery size than any fat depot or adiposity measure. Lean body mass was associated with height and weight, indicating that the association between increased brachial artery size and CVD risk is not due to adiposity; arteries are larger in bigger people with greater muscle mass.
Participants in this study reflect contemporary patients with HIV initiating their first ART regimen. They have notably less advanced HIV disease than in historical cohorts, even more recent ART-naive cohorts such as in ACTG Study A5224s [30] . Contemporary patients starting ART not only have higher CD4 cell counts and a shorter duration of HIV infection but also have a different burden of traditional risk factors than historical cohorts. They tend to be younger, have lower (albeit still excessive) rates of smoking and lower triglycerides, but they are heavier and have higher BMIs. The changing demographics and CVD risk burden of HIV-infected patients initiating ART further complicates efforts to understand predictors of CVD risk in patients with HIV.
Conclusion
In a large, contemporary cohort of HIV-infected ARTnaive individuals, ultrasonographic measures of CVD risk were more strongly associated with traditional risk factors than CD4 cell count, viral replication and inflammatory markers. Increasing age, body size and lipoprotein measures were most consistently associated with CIMT and brachial artery FMD. Efforts to prevent excessive weight gain and improve lipoproteins are likely to reduce CVD risk in HIV-infected ART-naive patients.
